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lVfy invention ,.provides -an  economical and 
rapid pröcess forrso!v/ng-pètroleum ,emulsi0ns 
of he water-ln-oil:-tyle that are commonly re- 
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ferred to as "cut oil;" "roily oil," "emulsifled off;" 
etc., and which comprise fine droplets of natural- 
ly-occurring waters or brines dispersed in a more 
or less permanent state throughout the off which 
constitutes the continuous-phase uf the emulsion. 
-Iç also, provides-an economicàl and rapid-proc- 
ess-for separafing emulsions which bave been 
Prepared under controlled conditions from min- 
erai_ oil; such -as crude-oit and relatively sort 
waters or weak brlnes Controlled emulsiflca- 
tion 'and subsequent demulsiflcation under the 
conditions just mentioned are of signiflcant val- 
ue in removlng impurities, particularly inorganic 
salts, ïrom pipeline otl. 
Demulsiflcation as Conçemplated,in,the-present 
application includes thepreventive step of coin- 

mingling the demulsifler With the aqueous com- 
ponent which- would or mighç subsequently 
become either phase :f the emulsion in the 'ab- 
sence of such precautlonary measure. Similarly, 
such demulsifler-maY be mlxed wiçh the hydro- 
carbon comportent. 
The demulslfying agen emlloyed ifi the 
present prolcess s a fractional esterof a tetra- 
basic"acid-ln which'three-crboxyl radicals 
Par/ijn ëster form and 'a - ulfo radical appears 
in'salt :fbrm; :Suchcompómds can be derived 
frdm Vi0us  tricarb0xy cids by-sulfonation -but 
for thë herein"specifled-lur!oose-are limited to 
th0se derled .from acdnitiC aid: Such com- 
p0_tmts, then.-are. derived "by TeaCtion lnv01ving 
three:types of reagents; ()"polygropylene glycol 
of, ï ni0]ecular wetght suflicent to give water- 
insOUbility and kèrosene'sOtùbility,. general]y 
be i thè m01eculi,,&eight,,range of 750 to 
approximatè]y 3,000; '(b) aconitic acid, and (c) 
an-alkàlt mea!bisulflte suCh as sodium'-blsUlflte 
Or :DotïSslum-blsulflte. - 
'Rne. -preparation oP :thè demulsifying ,gent 
lhv01Vès substantiaIly trîvo-steps;- () Esterlflca- 

20 is the trivalenç radical o aconiticCid and n Is 
a whole number vàryingfrom 10 to 80, with the 
.proviso that-tlle  polyProp-!ene glycol prior to 
 esteriflcation be .Wateln6iubl and kerosene- 
2 In the above formula hë alkàH ruerai-cflon 
!s sho as sod whi6h .IS the cheaët d 
Y .e'employed-!n thë-f0rmbf,poti.iS2 
ammom bisflte maYbv empioyêd .stead:0f 
sooEum or .potassium bUlfle: This 
to a bisute ofvarf rganicbaSeS poVied. 
35 6f course, that such: bs :prio %o: forg  a 
sflte .are 's/bsi jas:-mmoa and.tht he 
sulfl- waterSolnble: :1 "thee. arê-the 
vious fcional eqvalen-£sodi bisflte. 
e Procedure ïs fllustrated  by the fotlwing 
 a Teacion'ask %hëre: were 

tion: between threem61e§. of the iolypropytene of aconiic 'acid, 325 .grm Of ï2opylelie lYcOt 
g]ycot nd one mo]e. ;of aCotic -cid, and (b) 45 2025 :(mollTto : ;ïo], 
all .metal bIsfl sU s :.sooE bIsulflte. I this, iac. :3 
 more':Scally thê:,;the: present invention : ' alSO added'-5'0 
iS Concerhëd'w-ith- a--:pr0cess -f6rbreaking petr01- nd refiin 
@. emIo oth, Wten-6il te charac 5o _ " . nours. Trie max 
teHZ«b subecg e-emion  the action reflux -period,.waS :10« C.:.è am0US ater 
or _ aemsifiet inglug-hYdrophile synthetIc., which d6i,lÏed Vër 

15 

10 
in which 

products; ,said hydrophile .synthetic::productSbe, 
ing characterized by the .f011owing formila: 



. Ai the end of the reaction there was still a slight 
acidity due fo possibly uncombined aconitic acid 
and unquestionably chie either entirely or in 
part to the presence of the acid catalyst. 
small amount of 30% aqueous caustic soda was 
added until sufficient had been introduced to 
neutralize the free acid radicals. After this 
adjustment 6 grains of powdered sodium bi- 
sulfite were added. Apparently enough water 
had been added along with the caustic soda to 
dissolve at least part of the sodium bisulfite so 
that further addition of water was hot required. 
Needless to say, if no caustic soda solution was 
added to neutralize the acidity then a little water 
should be added to dissolve at !east part or 
of the sodium bisulfite so as to give a saturated 
solution. The reaction mixture was stirred 
three hours. No effort was màde to hve any 
reflux take place during this stage of the reaction. 
for the obvious reason that if water were remove« 
and the sodium bisulfite were anhydrous there 
would be little or no opportunity for reaction. 
This was necessary also for- the reason that 
sodium bisulfite begins Go decompose atl about 
100 ° C. and this reaction obviously mu,st be con- 
ducted ata suitable temperature until the sodium 
bisulfite has combined. Thereafter the xylene 
can be distilled over in the usual manner, re- 
moving any water with it and all the xylene can 
be removed bY distillation» particularly vacuum 3o 
distillation. 
The same procedure was followed in connec- 
tion with a number of additional examples, 
of which are illustrated in the following table 
which gives the reactants, amounts employed, 
temperature of esterification, etc. 
Te 
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of toluene sulïonic acid, approximately 1% of the 
weight of the glycol, or slightly less, was used in 
the esterification step. A larger amount should 
hot be used because there may be decomposition 
5 of the glycol. Smaller amounts can be used, for 
instance, /2% or %% based on amount of glycol, 
provided, however, that the esterification rime is 
extended somewhat. 
The producs .obtained arecómp arable to the 
lO initial glycol in appearnce, etc., i. e., usually 
they are an amber color or ai least of a slight 
straw color, and often somewhat thicker than 
the original glycol. This description, of course, 
applies to materials after the removal of the 
15 solvent, i. e., the xylene. For use as demulsiflers 
there is no nëèd to remove the xylene and it may 
remain behind .... Obviously other liquids than 
xylene maYbe used in esteriflcation procedure. 
 However if the boïling point is any higher than 
z0 xylene there is danger that decomposition may 
take place unless the amount of sulfonic acid 
is reduced. Other catalysts such as a small 
amount of dry hydrochloric acid can be used 
but it. appelés les$ desirable than the sulfonic 
acid. Needless to say, the caustic soda solution 
used neutralizes the sulfonic acid catalyst 
present. 
The equipment used in esterfication procedure 
is a resin pot of the kind described in U. S. Patent 
No. 2,499,30 datëd Match , i950, to De Groote 
and KCser. Any Conenti0nál equipment can 
be uSed, either on a small scale, pilot plant Scale, 
or larger Scale' . . -  
n .the various examplës preceding only one 
glycol-has been hsed in these cases.- Actually 
there is no .reason Why)óne mdy-not use two 

V£. '. of 
olyprop- 
lene 
glycol.. 
2, 025 
 725 
1,025 
2. 5Z5 

Jse , Acid Reactaut 
:grs 
  Aconitic Acid--- 
" 1 .... _do ..... " .... 
1 ..... do ........... 
4 ..... do ........... 
 .... do ........... 

I 1V£ax. Reac- 
 Max s- od. Reac- ,tion 
/Û [ Xylene ]trifiction Esterlflcä- isul- tion ime ' , 
/ '-rs ) / (c I Temp. tion tim ite çemp (hrs.) 
 (hrs.) rs.)  C. 
. ' ' [ ....  CC.)  , 
[ .9.3/ 45[ 127 89 .. : ,- 
[ 9.3 / 45 / 130 ' 4  

:.Polypropylene l/cois are connnercially, avail- different glyco!s, for j nstance: kii equimlar mix- 
able. : Sdch polypr0pylene glycols are fùi-nished 5O ture of two gÏycols, onë _ioçexample having a 
ii.various moledular weigh ranges.: Thb.water molecular weig, dr 2000and..the 0tier 3000; or 
inolub!e,, kero.ené:soluble polypropylenë"gycols :. one having a molecular eigh-:of 1500 and the 
begn in he molêClar weight rangb somewhere othér 2500....:ActUlittiesé-gly6bls reogëneric 
abve 500 andmore.Spcifically at about 700 or mixtures- a .éach  Selecëd) ïilecular weight. 
50. 'The molecular:=weight was usually deter- 55 since aconltic acid bas thfbë:'dab0R¢ls5ne Could 
mined by the hydroxyl method. Sucl-/hydroxyl Select glycols0f.thrde diffërbfftliiioldcular weights, 
molecular weight is a fraction, sometimes a large - f0rinStgnceï iS00:2'250,dfld 3000.- ,,Momentarily, 
majo : fraction, of 'he theoretidal molecular one need: onlï :eldok. ,ai .g.::simP!e,situation,'i. ., 
.weigh based On the method of synthesis: i.e., if maleic Rcid Vërë:mi!ed ].,, a bbmPoufid 
the Calculated m01ecular Weigh% based theoreti 60 having tw0 darb0xYl"gddls. ï[fl%ead- "b:"three. 
Cálly on the value one would expect to obtain n such event if one dbes:rnáke mikgue of the 
by treating water or propylene glycol, for ex-. kind here descri5ed actuai!Y:t!irëe:yp es df-c0m- 
ample, with propylene oxide. Neediess to say, pounds ill appèar, 
one does hot obtain a single compound but a carboxyl radica!s of the dicaï:p0xy aci«-are oine« 
propylene glycol of a molecular weight of 50 or 65 With the:highe glycol:;.bnb.t'.vheré.bott:car- 
1,000 or 2,000 as the cáse may be: and which box:ls are joine.dïvith hëloër-lmoiec iiawight 
really represehts a:..c0generic mixture whose -, glyc01, ánd 0het=p, W5d bn"cdboxïis urfited 
statistical average móieculàf weight is the .0ne . .to a highe :m01eculeightiïcol;dnd.the ïbther 
indicated. 'Reference in .thetable is of course, -0ne to:a ldvermolcùih@ëfgi i/ol.. 
to .hydroxyl value niolecular weigh r- the oh- 70 . Howéer,' ëfëin .tJhd isê: -àdnitiC acid 
vious reason that this is the basis for calculating a'ç hereoE dëcribed--it JJëcbmês:i0bi0flS t lïai if 
.the amount. Of reacbants required: " / - - . - onë Used theè .diffeent: lYcol hë;inuïrïbër. Of 
 .In all instances a small amount f 30:% Causic .possible C0mponents. in..the =mixture would 4n- 
soda solution was used as in the moe complete ,cease. Therëis no. çdafi)age.ïn: ..u.ing sUCh 
description of Example 1; and als0 an amount 75 mïture but it nbe done if one cares to do so. 



/The oroducts sG_obtained aze_.peculiar insofar: 
that (a) there is not present «ny radical hav.ing 
8 o..more .uninterrupted carbon, atoms,, and .(b) 
thecompounds .are.not:particularly effective as 
sarface:active agents.in the:ordinary ,sense due 
either fo the large molecular size or .the '_absence 
of-a hydrophobe radical ofi.the kind .previously 
referred fo, or or:some 'other reason which is 
obscure. The chemicl compounds herein em- 
ployed as demulsifiers bave molecular weights 
varying ïrom more-than 1500 up rG several 
thousands, for instance, 6.000, 7500 and 9000, and 
yet contain only one sulfo Tadical. Utility of 
such compounds for industrial uses is rather un- 
usual. They are not effective emu]sifying agents, 
but are valubl as.anadditive or a promoter of 
emulsions. These compounds a!so bave hydro- 
tropic property and serve as common solvents in 
the preparation of znicellar solutions. It is to 
be noted that they are Tree from terzninal car- 
boxyl radicals and thus .differ from reagents ob- 
tained, îor example, by treating one mole of 
high molal po]ypropylene glycol with 2 moles of 
dicarboxy acid. It is probable these reagents, 
due to their pecuiiar structure and their peculiar 
solubiHty characteristcs,; wlll fïnd utility in other 
fields of. application now unkn0wn. 
Conventi0nal demulsifying.agents employed in 
the treatment of oil field emlsions are used.s 
such, or after dilution, with any suitable solvent, 
Such as wat_er» petroleum-hYdrocarb0ns, :such as 
benzene, toluene, xylene, tr acid 0il,. cresol, an- 
thracene .oil, etc. Alcoh01s, oarticulaxly ali- 
phatic alcohols, such as methyl .alcohol, ethyl 
Icohol, denaured alcohol, propyi alcohol, butyl 
alcohol, hexyl alcohol, octl alcohol,, etc., may be 
employed, as diluents.. IVliscellaneous solvents 
such as pine oil, carbon tetrachl0ride, sulfur.di- 
oxide, extract .obtained in .the refining of letro- 
leum, etc., may be employed as diluents. Simi- 
larly, the material oi materials employed as the 
demulsif3ing agento my process my be ad- 
znixed with one or more of the solvents custom- 
arily used in connection vith conventiorml de- 
mIsiyin gents. M0reove.,:aid-material .or 
materials may be Used alone or in dmxture wlth 
other suitable weil-known classes oldemulsifying 
agents. 
It ..is. Weil known that conventional demulsi- 
ying aents:may.be used in»a wter-soluble form, 
ór'in ar oii»soluble rotin,or in a'form exhlbiting 
b0Fh 0H- .andl water-solubility. ;Sometimes.they 
- may bëused in a form.w.hichèxhibits reltively 
limïted::oil-solubility. .. However,.since ;such: è- 
gëts:are frequentlyused-in, a ratio of 1%0:10»000 
or'4. to 20,000, or .i -to .30,000, or even 1 to 40000, 
or 1 to 50,000 as in desalting practice, such an 
apparent insolubility in oil and water is not sig- 
nificant because said reagents undoubtedly have 
solubility within such concentrations. This same 
fact is true in reiard fo the material or mate- 
riais emp]oyed as the demulsifying agent of my 
process. 
In practicing our process for resolving petro- 
leum emulsions of the water-in-oil type, a tret- 
ing agent or damulsifying agent of the klnd above 
described is broEuht into contact wlth or caused 
fo act upon the emulsion fo be treated, in any of 
the various apparatus now generally used to ze- 
solve or break petroieum emulsions with a chemi- 
cal reagent, the above procedure being used alone 
or in combination with other demulsifying pro- 
cedure, such as the electrical dehydration process. 
One type of procedure is to a'ccumu]ate a vol- 
ume of emulsified oil in a tank and conduet a 

batch treatment t:pe of demulsiflcation proce- 
dure torecover,clean oil. In.this procedure the 
emulsi0n is admixed wth the demulsifier, ;for 
examyle by agitating the .tankof emulson and 
5. slowly dripping demulsifier into the emulsion. 
Insome cases mixing is achieved by heating the 
emulsion while dripplng in the demulsifier, de- 
pending upon the onvection eurrents in the 
emulsion to produce satisfactory admixture. In 
10 a third modification .o this type of treatment, a 
circutating pump withdraw, semulsion from,.e.g. 
the botom of the tank, and reintroduces it into 
the top f the..tank,-the ,demulsifier being added, 
for example, at the. suction.slde of said circulat- 
1-5 ing pump. 
In a second type of treating procedure, the de- 
mulsifier,is.inodued into .the wellfluids.at the 
wllhead.or:at some .point between.the.well-head 
and he final :oil s£orage .tank,-by means of an 
20. adjustable .poportioning :mechanism or_propor- 
tioning pumio. :Olinarily .£he flow .of fiuids 
through the subsequentlinesand fittingssufflces 
to produce :the ttesired degree of :mlxing.of 
mulsifier nd emulsion, although .in some in- 
25 stances additional mixing devices may be .intro- 
duced into the fiow system. Inthis,general pro- 
celure,.the system may include various mechani- 
cal devices .for withdrawing free water, .separat- 
ingentrained water, or .accomplishing quiescent 
30 settling of. the chemialized emulsion. Heating 
devices may likewise be ineorporated-in any 
the'reating procedures described.herein. 
 A .third typdof :apDlication (dov¢n-the-hole) 
of :demulsifier-to emulsi0n is to introduee the 
35 demulsifiereither periodically or continuously in 
diluted or undiluted 'form into the well and to 
allow it to Corne to the suffa,ce with the well 
lïUids, and then fo fiow the chemicaized emul- 
sion through any desirable surface equipment, 
40 such as emplóyed "in the other tregting proce- 
dures. ' This particular type of application is 
eidedly Useful when _the demulsifier is used in 
coithectionwith acidificationof calcareous off- 
bearing strata, especially îï suspended .in or dis- 
45 solvedin thé acid employedfor aci.diflcàtion. 
:In:all cases, it .will be apparent fr0m thefore- 
g6ing description; the broad process consists sim- 
ply in introducing  relatively smdll proportion 
of demulsïfier 1nto a:rëlatlvely largepropottion 
5O of emulsion» admixing the Chemical andemttlsion 
either through natural .flow or through specal 
apparatus, with .or wittmut the aplolication of 
heat, and allowhug the mixture to stand quiescent 
until the undesirable water, content of the emul- 
55 sion separates and settles'from the mass. 
 The foll0wing.is: a typical installation: 
A reservoir to hold the demulsilïer Of the kind 
described (diluted or undfiuted) is placed at the 
6O well-head where the effluent ltquids leave the well. 
This reservoir or container, which may vary from 
5 gallons fo 50 gallons for convenience, is con- 
nected to a proportionlng pump which injects the 
demulsifier drop-wise into the fluids leaving the 
65 well. Such chemicalized flutds pass through the 
flov¢line into a settling tank. The settling tank 
consists of a tank of any eonvenient stze, for 
stance, one whieh will hold amounts of fiuid pro- 
duced in 4 to 24 hours (500 barrels to 2000 barrels 
7o capacity), and in which there is a perpendlcular 
conduit from the top of the tank to almost the 
very bottom so as to permit the tncoming fluids 
to pass from the top of the settling tank to the 
bottom, so that such incoming fluids do hot dis- 
75 turb stratification whi,ch takes place during the 
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course of demulsification. The settling tank has 
two outlets, one.being below the water level to 
drain off the water resulting from demulsifica- 
tion or àccompanylng the emulsion as free water, 
the other being an off ourlet at the top fo permit 
the passage of dehydrated off .to a second tank, 
being a storage tank, which holds pipeline or 
dehydrated off. If desired, the conduit or pipe 
which serres fo carry the fluids from the well to 
the settling tank may include a section of pipe 
with baiïtes to serve as a mixer, to insure thorough 
distribution of the demulsifler throughout the 
fiuids, or a heater for raising.the temperature of 
the fluids fo some convenient temperature, for 
instance, 120 ° to 160 ° F., or both heater and 
mixer. 
Demulsiflcation procedure is started by simply 
setting the pump so as fo feed a comparatively 
large ratio of demulsifler, for instance, 1:5,000. 
As soon as acomplete "break" or satisfactory de- 
mulsification is obtained, the pump is regulated 
until experience shows that the amount of de- 
mulsifier being added is just sufficient to pro- 
duce clean or dehydrated off.. The amount be- 
ing fed at such stage is usually 1:10,000, 1:15,000, 
1:20,000, or the like. 
In many instances the products herein speci- 
fied as demulsifiers can be conveniently used 
without dilution. However, as previously noted, 
they may be diluted as desired with any suitable 
solvent. For instance, by mixing 75 parts by 
weight of such derivative, for example, the prod- 
uct of Example 1 with 15 parts by weight of 
xylene and 10 parts by weight O f .isopropyl al- 
cohol, an excellent demulsifier is obtained. Se- 
lection of the solvent will vary/dépending upon 
the solubility characteristics of the product, and 
of course will be dictated in part by economic 
considerations, i. e., cost. 
As noted above, the products herein described 
may be used hot only in diluted form, but also 
may be used admixed wlth some other chemical 
demulsifier. A mixture which illustrates such 
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claim as new and desire to secure by Letters Pat- 
ent, is:  : .. 
1. A process for breaking petroleum emulsions 
of the water-in-oil type characterized by sub- 
5 jecting-the-emul-sion to the action of a demulsi- 
fiêr including hydrophile synthetic products; 
said hydrophile synthetic products being char- 
acterized by the following formula: 
' " (OCH)0H 

in which 

0 
25 
is the trivalent radical of aconitic acid and n is a 
whole number varying from 10 to 80, with the 
proviso that the corresponding polypropylene 
glycol of. the-formula HO(C3H60)H be water- 
3O insoluble and kerosene-soluble. 
2. The process of claim 1 wherein the value of 
n is approximately-15. 
-3. The pgocess of claim I wherein the value of 
 is approximately 25. 
35 .4. The process of claim 1 wherein the value of 
 is approximately 35. 
5. The process of claim '1 wherein the value of 
 is approximately 45. 
6. The process-of claim 1 wherein the valueof 
4O. is appr0ximately 55. 

 .: MELVIN DE GROOTE. 

combination is the following: . .--..... REIERENCES CITED 
The derivative, for example, the. product of Ex- 45 " The following-, references are of record in ttie 
ample 1, 20.%;  file of this-.patent 

A cyclohexylamine salt of a polypropylated 
naphthalene mono-sulf0nic acid, 24%; 
An arnmonium sali .of a polypropylated naph- 
thalene mono-sulfonic acid, 24% ; 
A sodium salt of oil-soluble mahogany petro- 
leum sulfonic acid, 12%; 
A high-boiling aromatic petroleum solvent, 
15%; 
IsoproPyl alcohol, 5%. 
The ab0ve proportions are all weight percents. 
Having thus described my invention, what I 
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